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Abstract 
This work studies the performance of commercially available Al pastes for the rear side contact formation with an 
industrially feasible process. The pastes are specifically designed for local Al-BSF/PERC (Passivated emitter and rear 
cell) cells. With this type of metallization, fill factors (FF) up to 80% are demonstrated, to our knowledge, the highest 
FF ever reported on fully screen printed PERC cells with industrial type emitter. Additionally, the use of an AlSi 
eutectic (12.7% Si) target for PVD sputtering is evaluated in comparison to a reference process using a pure Al target 
with the same kind of deposition technique. It was found that the thickness of the Al p+ BSF layer realized with the 
12.7% Si containing Al target is systematically thicker than the reference due to a smaller metal Si interface. With 
this method, solar cells have been fabricated showing a potential efficiency above 20%, with standard Ag front screen 
printing on 60 Ω/□ emitter. 
 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of the scientific 
committee of the SiliconPV 2012 conference 
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1. Introduction 
The use of screen printing is still the main metallization technology for the PV-industry [1]. The 
industrial manufacturers of screen printing pastes are continuously improving their products to meet the 
requirements of solar cell manufacturers. The introduction of designed Al pastes for the formation of the 
local Al-BSF allows a smoother transfer for PERC (Passivated emitter and rear cell)/LFC (Laser Fired 
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Contacts) technologies to PV manufacturing. In this paper we evaluated 3 different Al pastes for PERC 
with a process close to the standard in industry. Schwab has recently evaluated some specifically designed 
pastes for LFC [2] comparing their performance on thermal oxide and Al2O3 passivation layers. 
For the PERC concept used for this evaluation, a thin thermal oxide is grown prior the deposition of a 
SiOx/SiNx layer by PECVD on the backside of the solar cells. 
The introduction of sputtered Al PVD utilizing inline tools is getting more attention for potential 
industrial applications [3, 4]. While using this type of metallization, it is possible to reduce the needed 
thickness of the metal applied and to gain more freedom with respect to the use of higher purity Al 
sources compared to screen printed pastes. 
The idea behind one part of the investigation was to have the Al target used for sputtering with eutectic 
composition of Al and Si (12.7%), in order to limit the amount of Si dissolved from the substrate and thus 
reducing the penetration of the AlSi alloy into the substrate [5, 6]. Comparison to results with pure Al 
target serves as reference. The rear contact formed from an eutectic Al-Si PVD layer should, according to 
our assumptions and the Al-Si phase diagram [7] and BSF formation models [8], result in a thicker Al p+ 
BSF, due to relatively more Si re-crystallizing at the reduced melt-Si interface surface area, as similar 
behavior has been observed with Al screen printed pastes by Rauer [9, 10]. 
 
2. Experimental details 
2.1. PERC Al pastes 
125x125mm2 monocrystalline solar grade 2.1 Ω.cm and 160 μm p-type Cz Si wafers, all being 
neighboring wafers from the same ingot, were used for this experiment. The process flow that has been 













Fig. 1. Definition of the process flow for Al PERC screen printing. 
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3. Results and discussion 
3.1. PERC Al pastes 
The three pastes were applied following the recommendations by the manufacturers in terms of screen 
characteristics and drying conditions. 
Due to the novelty of the pastes, an optimum firing temperature test was carried out. The firing 
temperature was varied from the reference point for our 2 μm-thick Al PVD process, taken as a lower 
limit for the test, having in mind the variation in mass introduced by the thicker layer in the paste case. 
Although one to one comparison is not possible, due to different opening shape during laser processing 
with the same pitch, 2 groups of cells were taken to do the test. There were no more sufficient wafers 
available from the respective 2 groups to assess the influence of the different laser opening shape. Fig. 2 
shows the FF for the 2 groups for the chosen set temperature range. Each point in the graph corresponds to 
one solar cell.  
 
 
Fig. 2. FF vs. Set peak firing temperature for the screen printed cases. 
It is clear that the Al paste process requires significantly higher set temperatures for firing compared to 
a PVD reference process. For the second group, the best performance was obtained. Table 1 shows this 
best result using this Al paste. 
Table 1. Intermediate I/V results 








Ref + 90 ºC 634.4 37.3 80.0 18.9 
 
A very wide firing process window is identified in which FF values higher than 79% can be obtained. 
The best FF and efficiency has been obtained for an offset of +65 ºC with respect to the reference for Al 
PVD. Beyond that temperature, the performance is slightly reduced. FF values up to 80% have been 
achieved showing the good lateral conductivity and contact formation properties of the studied Al paste. 
Following the process flow showed in Fig. 1, another batch of cells was fabricated using the three pastes 
for comparison. The results of the IV characteristics are collected in Fig. 3. 
  








Fig. 3. I/V characteristics 
In Fig. 3, the results of process flow applied to compare the three pastes under investigation are shown. 
Paste C shows better performance over the other two pastes in all the parameters, and over PVD in terms 
of efficiency. Still the values for the Voc of the PVD case are superior to this paste C. The sizes of the 
contacts from the different pastes have been analyzed giving similar values, so it is believed that the 
difference in performance comes from impurities present in the pastes. The amount of printed paste was 









Fig. 4. Definition of the process flow for the AlSi 12.7% metallization study over PERC cells 
3.2. Al PVD 12.7 % Si 
For both, screen printing pastes and Al PVD sputtering techniques, when using PERC structures, high 
consumption of Si from the substrate while alloying with Al is observed, and the sizes of the contacts 
grow from the original opening size. The use of an AlSi target containing eutectic composition of Al and 
Si, i.e. 12.7% wt Si in Al, was evaluated. Seen the higher share of Si that the eutectic sputter target has,  
we assumed that this would lead to a reduced consumption of Si from the Si wafer at the contact interface 
during high T firing, reducing thus the imprint size of the contacts, in agreement with the phase diagram 
[7], resulting in a better re-crystallization of the BSF layer. Solar cells have been fabricated using these 
two types of metallization following the process flow which can be seen in Fig. 4. 
The contact shape and size of the cells realized with pure Al target and a 12.7% are depicted, 
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respectively in Fig. 6 a) and b). Zoomed areas of these contacts in order to better distinguish the Al p+ 
doped BSF are also displayed in this Fig. 6. As predicted, using the AlSi target with eutectic composition 
between Al and Si, the imprint size of the contacts is much smaller, and even a thicker Al p+ BSF layer 
was observed, as visible from this Fig. 6. This difference in thickness can be due to a limitation in 
transport during the process between the PVD layer and the Si interface during heat-up and cool-down 
phase. Knowing that Si is faster dissolved in Al than Al in Si, it is possible that the transport in the 
comparably thin PVD layers gets limited or interrupted. For the 12.7% Si target less Si has to be taken up 
at comparable temperatures and re-crystallization (the eutectic composition was already present in the 
alloy) might not get as limited as for the pure Al. 
The solar cell performance of the respective PERC-type solar cells realized from this PVD layer is 
shown in Fig. 5. The clear thicker BSF obtained for the AlSi eutectic target provides a better performance 
thanks to an improved recombination of the minority carriers. The effect of this improved recombination 
is shown in the better Voc values obtained with this type of metallization, as shown in this Fig. 5. The FF 
is also better thanks to the total reduced Si content in the remaining AlSi matrix, due to the further re-
crystallization during cooling down. This trend is opposite already for 2 μm of metal deposited. This can 
be explained by the excess of supplied Si in the deposition which is not needed in the alloying process to 
form the contact and therefore contributes to increase the series resistance.  
 
4. Conclusions 
The shown investigation with new Al PERC pastes demonstrates that good lateral conductivity and 
contact resistance values can be achieved with those screen printed back contacts. FF values for screen 
printed PERC solar cells of 80% allowed even with a non-optimized front side (60 Ω/□ emitter) to 
achieve efficiency values in the range of 19%. 
The incorporation of dissolved Si into Al targets was proven to be beneficial to have an enhanced re-
crystallization of the Al p+ BSF layer under the contacts, leading to a thicker Al p+ layer, which 
effectively minimize the recombination probability of minority carriers in the back surface, leading to 










Fig. 5. IV characterictics for the comparison between pure Al and AlSi 12.7% metallization 
  










Fig. 6. Contact shape obtained when using: a) Pure Al target and b) AlSi 12.7% target. In b), a thicker BSF can be observed zoomed 
in images c) and d), delimited in both cases by white dotted lines) 
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